Abstract. We have determined the characteristics of sub-Sahelian aerosols from a 2-year record of continuous ground-based measurements, made at the University of Ilorin, Ilorin (08ø19'N, 04ø20'E), Nigeria, in cooperation with the Aerosol Robotic Network. Observations of spectral aerosol optical depths during the dusty harmattan season indicate more than a twofold increase, when compared to other seasons. Retrieved columnar volume size distributions show the existence of bimodality with a dominant coarse mode. The retrieved size distributions were grouped according to different ranges of aerosol optical depths to characterize the aerosols for this particular region. Monthly means of retrieved single-scattering albedos show a sharp decrease from -0.95 to -0.85 at 500 nm from the preharmattan to the harmattan season when biomass burning is also practiced, increasing the presence of absorbing aerosols. On the basis of these comprehensive observations, we propose to augment existing desert aerosol models, as presented in the literature, to better characterize the dust outbreak season in West Africa, which is quite prolonged and overlaps with the biomass burning season.
Introduction
It has been observed that each year, between November and March, a large amount of dust is transported over Nigeria to the Gulf of Guinea [Kalu, 1979] . The cold and dry wind, which is the main agent for this dust transport is known as the "harmattan." During this season, the atmosphere over this region is characterized by high dust levels, relatively high daytime and low nighttime temperatures, dry and weathering vegetation, high incidence of forest fires, and poor visibility. The harmattan aerosols have been known to have adverse health affects, such as causing acute respiratory infections, pneumonia, and bronchitis, as documented for northern Nigeria, where the effect is most severe, by Adefolalu [1984] and Adedokun et al. [1989] . The atmospheric haze and the occasional early morning/evening fogs due to northward incursions of moist southwesterly winds lead to frequent cancellation of flights, resulting in a heavy loss of revenue [Adefolalu, 1984] . Moreover, the "harmattan haze" is a threat to safety of civil aviation. Out of the 11 air disasters in Nigeria and the Ivory Coast during the period November 1969 to January 2000 (http://www.airdisasters. co.uk/Disasters.htm), 10 occurred during the harmattan season. The harmattan dust episode of January 30, 2000, and the corresponding optical parameters as observed at the Ilorin site are discussed by Pinker et al. [2001] . The harmattan dust haze is a well-known phenomenon and was first investigated using visibility data [Adebayo, 1989; McTainsh, 1980] . Chemical char- of dust particles is transported in a plume downwind from the source region by the strong northeasterly winds mainly at the 900 and 850 mbar levels north of the ITCZ, taking a southwesterly trajectory over Nigeria [Kalu, 1979] . In this season, dust plumes can have a thickness of up to 3 km, vary strongly in aerosol content, and reduce the visibility to less than 1 km. Harmattan winds are the main mechanism for dust transport and produce severe winter weather conditions in West Africa, known as the "harmattan haze." During the "wet season" (April-October), conditions are typified by moist maritime southwesterly flow from the Gulf of Guinea over West Africa. The instrument used in the present study to monitor aerosol properties is a CIMEL sky radiometer, of the type used in the Aerosol Robotic Network (AERONET), which is a worldwidefederated network operated at numerous climatically important regions and led by the NASA Goddard Space Flight Center ]. The instrument is an automatic Sun-tracking sky radiometer capable of measuring both Sun and sky radiance at eight spectral channels. The filters are centered at wavelengths 340, 380, 440, 500, 670, 870, 940, and 1020 nm, located in a filter wheel, which is driven by a stepper motor. The observations are transmitted almost in real time via the European Meteosat (D. Tanre, private communication, 1997). Detailed information on measurement protocol, radiometric precision, calibration procedures, and processing methods are described by Holben et al. [1998] . Data used in the present study utilize direct solar and sky radiance in the almucantar from April 1998 to March 2000. The CIMEL sky radiometer optical head has been replaced with a recalibrated one in August 1999 in order to meet the AERONET maintenance schedule.
Results and Discussion

Spectral Aerosol Optical Depth
Time series of aerosol optical depths at 500 nm and monthly means at all the wavelengths are shown in Figures 2 and 3a , respectively. Optical depths during December to March for both years are higher when compared to other months. This is due to the dust outbreaks (natural) and biomass burning events (anthropogenic) most common during the dry season at the observational site. A strong spectral dependence in aerosol optical depths (AODs) is also evident. This suggests that aerosols from biomass burning are present during the dry season and are significant. The day-to-day variability of aerosol optical depth was considerably higher during the dry season than during the other seasons, due to dust and biomass burning events. In the past, N'Tchayi Mbourou et al. [1994, 1997] 
Intraseasonal Variation in Spectral Aerosol Optical Depth and Precipitable Water Vapor
To study the intraseasonal variation in spectral aerosol optical depths and in precipitable water vapor, the observations were grouped into four seasons, as shown in The proposed characteristics for the sub-Sahelian aerosols are presented in Tables 1-3. The spectral aerosol optical depths, single-scattering albedo, real, and imaginary refractive indices exhibit strong seasonal variation and therefore were grouped as follows: (1) the dry season (November-March) and (b) the wet season (July-September). In Table 1 the spectral aerosol optical depths and precipitable water vapor for dry and wet seasons are given and compared with information from other sources. In Table 2 the single-scattering albedo at different wavelengths is illustrated and compared with results from previous studies [dMlmeida, 1987; Carlson and Caverly, 1977] . In Table 3 
